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E. J. Stöhr and others -LV twist mechanics and local peripheral haemodynamics 7 H2O) temperature was set to 52°C for the first ten minutes of the heating protocol and then lowered to
204
47°C with the aim to achieve a rapid increase in skin temperatures followed by a stable plateau as 205 previously described (Pearson et al., 2011) . Skin and core temperature data were recorded 206 continuously with a sampling rate of 60 Hz across the entire experiment (Squirrel SQ2010 Data
207
Logger, Grant, Cambridge, UK). All temperature measurements were analysed using the 208 manufacturer's software (SquirrelView Plus V3.8 and V5.1a firmware, Grant, Cambridge, UK). For the 209 purpose of statistical analyses, continuous temperature data were averaged over five minutes at each 210 time point of data collection.
212 213

Data collection and analysis 214
Echocardiography. As aforementioned, data were collected in accordance with current guidelines. 215 ensure that all ultrasound settings, including image depth and frame rates were kept the same 220 between each individual's three time points of data collection. 4-chamber and 2-chamber images
221
were recorded for analysis of end-diastolic volumes, end-systolic volumes and stroke volume, using 222 the Simpson's biplane method. Cardiac output was calculated as the product of heart rate and stroke 223 volume. Rate pressure product (RPP) was calculated as the product of heart rate and peak systolic 
229
Data collection and analysis of grey-scale parasternal short-axis images at the mitral valve and apical 230 level were performed as previously described (Stöhr et al., 2011a; Stöhr et al., 2012; Stöhr et al., E. J. Stöhr and others -LV twist mechanics and local peripheral haemodynamics 8 taken as cranial as possible. Apical short-axis views were obtained by obtaining a standardised apical 233 4-chamber image, and then moving the transducer as little cranial as possible, whilst ensuring a 234 circular view. From the raw speckle tracking output, data were interpolated to 600 data points in 235 systole and diastole, respectively, as previously recommended (Burns et al., 2008) . Then, frame-by-236 frame basal rotation data were subtracted from apical rotation data, with the resulting peak value 237 determined as "peak LV twist". In accordance with previous proposals (Arts et al., 1984) , we 238 additionally calculated the amount of twist relative to myocardial circumferential and longitudinal 239 shortening, in an attempt to determine whether transmural differences in rotation may have influenced 240 changes in LV twist (Lumens et al., 2006) . Circumferential strain was obtained as parto fo the 241 previously aforementioned speckle tracking analysis of short-axis images. Longitudinal strain was
242
obtained from speckle tracking analysis of apical 4-chamber views. Torsion-to-shortening ratio was 243 estimated by multiplying the frame-by-frame rotation data with the respective frame-by-frame 244 circumferential strain (%) data. Then, frame-by-frame basal and apical data were subtracted and 245 normalised according to the frame-by-frame longitudinal strain (%); with the strain data sets being 
257
(DICOM Encoder Analysis Combo software) as previously described (Black et al., 2008) .
258
Local blood pressure and arterial resistance. Brachial blood pressure was estimated using 259 continuous photoplethysmography (Finometer PRO, Finapress Medical Systems BV, Arnhem, The
319
Interaction between LV twist and local arterial haemodynamics 320 several aspects. Firstly, the increased afterload employed in previous studies reflected conditions that 324 acutely increased the organisms' arterial resistance above the normal resistance typically 325 experienced by the individuals' hearts, which is known to cause significant disruption of the normal 326 cardiovascular function (Markwalder & Starling, 1914) . In contrast, this study initially reduced afterload 327 and then increased it back to baseline levels, therefore remaining below the critical level of an 328 increased afterload. Considering that the LV twist responses were in accordance with the principles of 329 previous studies, it would appear that LV twist is sensitive to changes in afterload across a wide range 330 of arterial haemodynamics, even below thresholds that are thought to distinguish between health and 331 disease (for example systolic/diastolic blood pressure > 140/90, respectively). The TSR response 332 suggests that the pressure stress applied during BAHBFR resulted in a change in LV twist and 333 untwisting rate that was independent of transmural contributions of endocardial and epicardial helices 334 (Arts et al., 1984; Lumens et al., 2006) .
335
Secondly, the present observations differ from previous studies in that they were achieved by 336 confining the changes in arterial haemodynamics to a local tissue. For example, previous studies 337 using aortic blood flow restriction or even total aortic banding likely altered the metabolic demand of 338 the local tissue and thereby caused an indirect change in metabolism due to circulating by-products of 339 anaerobic metabolism, which may have influenced cardiac function, too (Krasnow et al., 1962) .
340
Similarly, isometric handgrip and complete arterial blood flow occlusion cause an ischaemic response 341 (Weiner et al., 2012; Balmain et al., 2015) . In contrast, the increase in blood flow evoked by heat 342 stress does not increase peripheral O2 demand (Savard et al., 1988; Pearson et al., 2011) . Therefore,
343
this study provides strong evidence that the increased LV twist with reduced afterload, as reflected by 344 reduced local vascular resistance, is likely due to a pressure change per se and not because of a suggest a role of "sympatho-vagal balance" on the LV twist response to increased afterload, an 348 impact of ischaemic signalling could not be excluded. Conversely, our study shows that even with an 349 elevated heart rate due to signalling of an increased peripheral blood flow demand, partial brachial insight, exciting questions arise with regard to the type and location of pressure that may impact on
352
LV twist mechanics, as discussed in the next paragraph.
353
Reduced LV twist during BAHBFR is in accordance with the previous suggestions that increased 354 afterload reduces LV twist (Gibbons Kroeker et al., 1995; Dong et al., 1999; Weiner et al., 2012) .
355
Additionally, it is of interest that longitudinal strain and LV twist did not respond in the same manner.
356
Whilst this differential response is not new (Doucende et al., 2010; Soullier et al., 2012; Balmain et al., et al., 2010; Soullier et al., 2012; Balmain et al., 2015) . Still, the interpretation of the present LV twist 366 response is more complex. In addition to restoring the baseline brachial artery resistance, BAHBFR 367 also caused an increase in central systolic blood pressure. This experimental condition, which, to the 368 best knowledge of the authors, is unique at this point in time, raises the question whether the site of 
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